I. Introduction
===============

The application of osseointegration, introduced by Branemark, was initially limited to edentulous patients but is now widely used in both edentulous patients and patients with missing individual teeth. Replacement of missing teeth by dental implant has become an integral part of modern dental health care[@B1].

There has been much technological development to enhance the survival rates of implants, particularly with regard to implant surface treatment. Albrektsson et al.[@B2] reported that, when an implant had a rough surface rather than a machined surface, more rapid bone growth and superior physical adhesion were observed, while osteoblasts were better attached to rough surface implants, thus influencing the maturation, differentiation, and bone-implant interface of attached cells. Wennerberg et al.[@B3] reported that a rough surface implant had larger bone-implant contact (BIC) and higher removal torque compared with a machined surface implant.

Surface treatment methods, by which an implant surface is made rough to increase the bone-implant interface, include acid etching[@B4], blasting[@B5], hydroxyapatite coating[@B6], titanium plasma spray[@B7] and sandblasting with large grit, and acid etching (SLA)[@B8].

Buser et al.[@B9] reported that the 10-year survival rate of implants with the SLA surface was 98.8%, while the prevalence of peri-implantitis over 10 years was 1.8%.

In the present study, the authors evaluated the five-year survival rate and the surrounding bony change of dental implants with the SLA surface (Snucone Dental Implant, Daegu, Korea).

II. Materials and Methods
=========================

The subjects in the study are 54 patients who have been followed-up to date, of the patients who underwent implant surgery at Chungnam National University Hospital (Daejeon, Korea) from May 1, 2009 through April 30, 2011. Medically compromised patients were sent them to physicians to undergo medical treatment prior to implant surgery. In all, 176 implant placements were performed.

The implant surgeries were divided into first and the second surgeries and were carried out in two stages. The surgeries and prosthetic treatments were carried out by one skillful oral and maxillofacial surgeon.

The first surgeries were performed according to general surgery principles and a protocol provided by the manufacturer. In the case of lateral window opening cases, horizontal and vertical incisions were made on the alveolar ridge and the lateral surface of the maxillary sinus, respectively, for exposure of the lateral surface of the maxillary sinus. In all lateral window opening cases, the bone graft material and the membrane were xenograft (Bio-Oss; Geistlich Pharma AG, Wolhusen, Switzerland) and collagen membrane (Bio-Gide; Geistlich Pharma AG), respectively. After the first surgeries, antibiotics and analgesics were prescribed for all patients for seven to ten days. All the patients were instructed to not apply any stimuli to the surgical site until the removal of the stitches. They were also instructed to perform a 0.12% chlorhexidine mouth rinse three or four times a day. The removal of the stitches usually occurred after 10 days. In the mandible, the second surgery was performed an average of 2.5 months after the first surgery. In the maxilla, however, the second surgery was performed five months after the first. For lateral window opening cases, the second surgery was performed seven months after the first. Dental impressions were usually performed two weeks after the second surgery, and temporary prostheses were installed one week after the impressions were created. One month after temporary prosthesis setting, the final prostheses were manufactured and set. Panoramic radiographs were collected before and immediately after the first surgery, after the second surgery, immediately after the final prosthesis setting, three months after the final prosthesis setting, six months after the final prosthesis setting, and every year after that.

Bone loss surrounding an implant was evaluated in accordance with the method suggested by Romanos and Nentwig[@B10]. Evaluation of bone loss was graded as follows: group 0, no bone loss; group M, minimal bone loss (less than 2 mm at the crestal aspect of the implant); group 1, bone loss involving 1/4 of the implant length; group 2, progressive bone loss between 1/4 and 1/2 of the implant length.

Bone loss measurements were made on the mesial and distal sides of the fixture-abutment junction to the cortical bone. The values from the mesial and distal sides were averaged to be used in the evaluation. Bone loss was evaluated by calculation of the rates to the known length of the fixture. The radiographs taken right after the final setting of the prosthetic appliance were compared with the follow-up radiographs for evaluation.

As the number of implants placed was not large, no statistical analysis was performed.

III. Results
============

Of the 54 patients, 40 were male and 14 female. The age range of the men was 24 years to 70 years, with an average of 54.8 years. The age range of the women was 39 years to 75 years, with an average of 57.4 years. Among men, those in their 50s were the most common, at 20 patients. Among women, those in their 60s were the most common, at 6 patients. Of the 176 implants, 106 were placed in the maxilla, while 70 were placed in the mandible; 122 implants were performed in men and 54 in women.([Table 1](#T1){ref-type="table"})

Fixtures 4.3 mm in diameter and 10 mm in length were used most often. The number of the fixtures used is shown in [Table 2](#T2){ref-type="table"}.

In lateral window opening cases, 30 implant placements were performed in 18 cases in 16 men, and 14 implant placements in eight cases in eight women. An osteotome technique with a crestal approach was used for 14 implant placements in 10 men, while no women were treated with an osteotome technique.

As for the kinds of prosthetic appliances, the number of the implants manufactured as a bridge was 156, while the number of single prostheses was 20.

In a total of 54 patients, 176 implants underwent follow-up. The range of the follow-up periods was four years to six years, with an average of 4.9 years. The bone loss evaluated by the method suggested by Romanos and Nentwig[@B10] is shown in [Table 3](#T3){ref-type="table"}.

The numbers of implants included in group M were nine for molar teeth in the maxilla, three for molar teeth in a mandible, and two for premolar teeth in the maxilla.([Fig. 1](#F1){ref-type="fig"}) Of these, five teeth in molar areas in the maxilla and three teeth in molar areas in the mandible were single prostheses. The horizontal positions of the alveolar bone were maintained in a relatively stable state in the rest of the implants.([Fig. 2](#F2){ref-type="fig"})

A total of six implants failed-four in the mandible and two in the maxilla; all of these were single-implant cases. In one case, a fixture placed in the mandible of a male patient experienced fracture. In three cases, the patients were receiving chemotherapy, while two patients were suffering from diabetes or chronic renal failure. In all five cases, except for the patient with the fractured fixture, no abnormalities were found in the radiograph tests performed right before the implant failures occurred. When the implants were removed, there was little bleeding. All the failed implants belonged to group 0, and no failed implants belonged to group M.

The implant survival rate was 98.1% in the maxilla and 94.3% in the mandible, resulting in an overall survival of 96.6%.

IV. Discussion
==============

Treatment using dental implants has become an integral part of modern dental health care. Studies are continually being performed to improve the survival rate of implants and to shorten the healing period through development of bone graft material and improvement of surgical methods, implant design, and surface treatment methods. Fast healing of peri-implant bone after implant placement and continuous and stable maintenance of osseointegration are important factors. The implant surface itself is very important for long-term success. Several studies have shown that a rough surface implant has more merits than a machined surface implant[@B2][@B11][@B12][@B13][@B14].

Osteoblasts have greater binding affinity with a rough surface than with a machined surface, while a rough surface influences the maturation, differentiation, and bone-implant interface of attached cells. Deposition of an inorganic component in bone tissues and the bone cell alkaline phosphatase activity have been found to be higher on a rough implant surface. Thus, a rough surface implant shows larger BIC than a machined surface implant[@B5][@B15][@B16].

The surface treatment method, which is widely used lately, uses either resorbable blasting media (RBM) or SLA. The RBM method uses resorbable particles, such as calcium phosphate, in order to supplement the shortfall of blasted particles left on the implant surface[@B5].

Im et al.[@B17] reported higher BIC in SLA implants (82.7%) than in RBM implants (78.3%) 12 weeks after implant placement in adult mutts. Elkhaweldi et al.[@B18], who compared the survival rate of RBM surface implants with that of SLA surface implants, reported that the former was 95.2% and the latter 99.1%, with a higher survival rate observed in SLA surface implants. They reported that SLA surface implants produced better results in the posterior maxilla with poor bone.

For long-term success of an implant, stable maintenance of the peri-implant bone is an important indicator. In this study, we evaluated the bone loss in accordance with the method suggested by Romanos and Nentwig[@B10].

The implants included in group M were placed in areas experiencing high occlusal force, while they occurred between two and three years after the final placement of the prosthetic appliances, and many of them were in the maxilla.

Considering that most of the failed implants occurred within one year after placement, a somewhat longer follow-up period is thought to be needed. The reason for the higher number of failures in the maxilla is thought to be similar to the reason for the lower implant survival rate in the upper jaw than in the mandible[@B18][@B19].

After about one year, peri-implant bone had become stable, and little subsequent change was observed. The use of panoramic radiographs, which have lower resolution than periapical radiographs, might have resulted in a somewhat low accuracy; however, it is believed that there were no major errors because we performed the measurements in consideration of the rates to the known length of the fixtures.

In the external type of implant, where the abutment and the fixture are connected with a butt joint connection system, sealing was not secured between the abutment and the fixture, allowing the possibility of microleakage of bacteria. In addition, most of the stress caused by occlusal force is concentrated on the fixture top, causing marginal bone loss[@B20].

Therefore, in the external type of implant, bone loss of 1.5 mm or less, with exposure of one or two threads, one year after loading and bone loss of 0.2 mm of less per year after that have generally been accepted as normal[@B21].

Lazzara and Porter[@B22] introduced a platform switching concept and demonstrated the maintenance of healthy soft tissue around an implant, with little marginal bone loss.

An internal type of implant was used in this study, where the abutment and the fixture were connected onto a slip joint connection system, similar to the platform switching concept, and where, it is believed, the fixture and the abutment were so closely connected that no microleakage occurred and healthy biologic width was maintained, maintaining the marginal bone.

Except for the one fractured implant, all five failed implants occurred in patients suffering from serious systemic diseases. There were no abnormalities found in the panoramic view examinations of these patients, and clinical examinations were performed right before the failures. Unless demineralization of bone exceeds 30% or more, it is difficult to evaluate the bony lesion; therefore, we used panorama radiographs, whose resolution is slightly lower than that of periapical radiographs. This might be one reason why we did not note bony change. For this reason, we think radiographs, which are more accurate, are necessary in implant follow-up. There were no failed implants in the group M.

The survival rate of SLA-treated implants was 98.1% in the maxilla and 94.3% in the mandible, with an overall survival rate of 96.6%. The reported 10-year survival rate ranges from 90% to 98.8% in recent article[@B23]. Another article reported a 12-year survival rate of 100%[@B9].

V. Conclusion
=============

Within the limitations of this study, implants with the SLA surface have a very superior survival rate. In particular, implants with the SLA surface seem to be superior in areas of relatively poor bone such as the maxilla. It is necessary to evaluate marginal bone loss using more accurate radiographs, such as periapical radiographs or cone-beam computed tomography, throughout the treatment periods.
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![A. One dental implant was placed at the maxillary left second molar site with an osteotome sinus elevation technique in 2010. B. Marginal bone loss surrounding an implant was observed in group M (bone loss less than 2 mm at the crestal aspect of the implant) in 2015.](jkaoms-41-317-g001){#F1}

![A. One dental implant was placed at the mandibular right first molar in 2011. B. A 4-year follow-up radiograph demonstrated excellent maintenance of marginal bone surrounding an implant.](jkaoms-41-317-g002){#F2}

###### Location of implant

![](jkaoms-41-317-i001)

  Gender   Mx. anterior   Mx. premolar   Mx. molar   Mn. anterior   Mn. premolar   Mn. molar   Total
  -------- -------------- -------------- ----------- -------------- -------------- ----------- -------
  Male     6              18             42          4              12             40          122
  Female   10             10             20          2              2              10          54
  Total    16             28             62          6              14             50          176

(Mx.: maxilla, Mn.: mandible)

Values are presented as number of implants

###### Fixture diameter and length
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  Length×diameter (mm)   Number of fixtures
  ---------------------- --------------------
  3.5×10                 22
  4.0×10                 37
  4.3×8                  31
  4.3×10                 47
  4.8×8                  19
  4.8×10                 20

###### Evaluation of bone loss surrounding an implant

![](jkaoms-41-317-i003)

  Group     Prosthesis setting   1 yr   2 yr   Most recent follow-up
  --------- -------------------- ------ ------ -----------------------
  Group 0   176                  164    162    162
  Group M   \-                   12     14     14
  Group 1   \-                   \-     \-     \-
  Group 2   \-                   \-     \-     \-

(Group 0: no bone loss, Group M: bone loss less than 2 mm at the crestal aspect of the implant, Group 1: bone loss involving 1/4 of the implant length, Group 2: progressive bone loss between 1/4 and 1/2 of the implant length)

No implants were included in group 1 or 2.
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